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(54) SEMICONDUCTOR LASER ELEMENT 

(57)Abstract 

PURPOSE: To realize a semiconductor laser element 
which is oscillated in a region from a blue color up to an 
ultraviolet color at a temperature of room temperature 
or higher. 

CONSTITUTION: An n-type Zn0.91Mg0.09S0.12Se0.88 
clad layer 3 and a p-type Zn0.80Mg0.20S0.26Se0.74 clad 
layer 6 are bonded via an active layer of a multiple 
quantum well structure which is constituted of ZnSe 
quantum well layers 4 (thickness: 6nm each) in five 
layers and of Zn0.91Mg0.09S0.12Se0.88 barrier layers 5 
(thickness: 8nm each) in four layers. 
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[«rB«f#ofSH] 

[IS^2] ?£f£JI;5K ZnSe. Z n Sx Sei-x 
((IU 0<X<0. 5) at/ZiiY Cdi-Y S (fl 
L> 0. 2<Y<0. 6) frbM&tlZl I-VIM 

h it z t. i i - v i Mit&%) 

^ifttfc^Znz Mgi-z Su Sei-u (flU 0. 

4<Z<1. x<u<o. 6) frhteZ>WW%b*&^. 

[H*^3] Znz Mgi-z Su Sei-u ^^^5n 
S^7$/Kii:ZnvMgi-v Sir Sei-i (§U 
0. 4<V<Z X u<w<o. 6) frtbteZpmt^y 

vm t zmftLmzfr ttg^ ufcgf*^ 2 i;le*m>¥* 

[IS^:^4] Znz Mgi-z Su Sei-u /Jr>ib&5n 

Tg^U fEf 1 O p 7 5^ KI Hig U t Z n v 
Mgi-v Sw Sei-» (ill, 0. 4<V<Z, U<W 

<o. 6) frbtez&2(Dpmi?7 y mzw>mzn& 

[H^^gS] Znv Mgi-v Sw Sei-w frhfthn 
I^7^KI^ZnsMgi-s St Sei-T ({I.L, 
0. 4<S<V<Z. U<W<T<0. 6) H45p 

[If*3g6] Znz Mgi-z Su Sei-u 7i>>£>#5il 

^jrltg^U Znv Mgi-v Sw 
i2^nI^7^KI^Zns Mgi-s St Se 
1-T (flU 0. 4<S<V<Z. U<W<T<0. 
6) ^f)<c5S2 0pI^7s/ KSirS:. Wf2!BlcDn 

*u iti g^±o 1 1 - v 1 0gfc«4fe2N»fr*> 

*u < ni e£A±^ 1 1 - v 1 

f-S^tfcot, SttJ!**, ZnSe, ZnSx Se 
i-x (flU 0<X<0. 5) WZnY Cdi-Y S 



(2) 7-321409 

2 

(flU. 0. 2<Y<0. 6) ^fcStftLS I I -VI 
«ft-&**»ff**b*S*^#F«t. II-VI»fc 
^ft*S*"Cfc5Znz Mgi-z Su Sei-u (flU 
0. 4<Z<1, X<U<0. 6) d*fc*S»SWi:S: 
X3[^»Jib3ft*«*^#F»3tS:«-U. Znv Mg 
i-v Sw Sei-w (flU 0. 4<V<Z X U<W< 
0. 6) HftSnl^^s' YMkvm.tvy KS^Sr 
ffrlS^r^ £^ UT«£> Ufc r <b St«f«c 4: "T 5 ^ 

i0 [ff*^8] Znz Mgi-z Su Sei-u j6>£>#5^ 

4*tTS^t> Znv Mgi-v Sw Sei-w (flU 
0. 4<V<Z, U<W<0. 6) fabteZ>%$2<DnM 
^7yKIiS2(D P a^75'KitS:, tfffSmiOn 

? * b*m tmi <Dpm* ? y Kgtog^s&^u 

9 ] SSSJ- n ffl^ttttXtt p 
[0 00 1] 

[WLbO««»|f] *5MHttu S 1 -*^^ 
tSagKBlU #fc:> ll-vUWkM*»#fcffl^ 

[000 2] 

[£§*<oB:«] tt*. Wfe®«T^Si-S r i - vi« 

ft-&»*»ft^-f-tLTH:, ZnSe^Zno.ooM 
go.10So.iB S eo.82<h^«j££;ft,5#fil^#F£a 
30 t£Jl£Lx ZnojoMgo.ioSo.uS eo.B2^b^5n 
y v KS tpi^77 KJ1 £ ^rmria^^S^^ UT 

unn^n- — Xfg2 8fll 7 9 81 (El 
ectron. Lett. Vol28 (1992) 17 

9 8) izm&ztix^z. 

[0 0 0 3] 

m^tm^X b ti"5«H] Uz>U i:fB<BJ:5fc 
t$*^«3g-C«, »*JB iWZnSe (M 
40 «a^*5U^tt2. 6 8eV) t pIMnl^ 7 ^ KS 
Zno.9oMgo.ioSo.isS eo.82 C0^$iJ^"H (Mi^^io 
^T^2. 8 7eV) tOiliUlO. 19eVT*fo!9, 
4^ »««T«^=-*^*-JSttj» 0 . 10eV£# 

x.p>n5c ^77 h*m kRttjzmmvmmmt 
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[0 0 0 4] #3891 tt* j&***S£l;i«*T*£ftfcfcO 
[0 0 0 5] 

[0 0 0 6] -tft. «WB*»WO* 1 *>**te»^T 
tt. ^tl^x ZnSe, ZnSx Sei-x (ffi.U 0 
<X<0. 5) MZnY Cdi-y S (£U 0. 2< 20 

y<o. 6) rearms I i-vi»^w» 

Znz Mgi-z Su Sei-u ({it, 0. 4<Z<K 
X<U<0. 6) ^e>*5»KStSr3S£J-W«U^0 

ICWU Znz Mgi-z Su Sei-u ^645nl^7y 
KItZnv Mgi-v Sir Sei-w (fiU 0. 4<V 
<Z\ U<w<o. 6) ^e>45pS^77 KJIJ:fc& 
tl^LT^t5^^L<, Sfclwtt. Znz 
Mgi-z Su S ei-u *»{>45ni^?y FBhtKKO 30 
pI^7^KIi^ti^ttg^U ffirssjiio 
pS^7 7KlCiSltZnv Mgi-v Sw Sei-u 
(fiU 0. 4<V<Z, U<W<0. 6) frht£Z>K 
2(Dpl^7 7KI^t5W^ U\ 
Si-g^te, Znv Mg)-v Sw Sei-ir i»b45n!^ 
^;yKJI£Zns Mgi-s St Sei-i ({&U 0. 4 
<S<V<Z, U<W<T<0. 6) A^45pS^7 

Clf*, Znz Mgi-z Su Sei-u ^645ll^nl 

1g^U ZnvMgi-v Sir Sei-w Z><b#£S§ 2 n 
I^7JxKI^Zns Mgi-s St Sei-T (§U 
0. 4<S<V<Z, U<W<T<0. 6) *>ht£*>% 
2<DpI^7yK«i«:, StrfSffi 1 ^)nS^ 7 <y KB b 

[0 0 0 7] Sfc, «8Wfc«»*MI*^-1f--*^ 
J-u < 1 1 1 BfiJLho I I -v I tRfcti»4b¥**#d a ' 



«§|3P7-3 2 1 4 0 9 

*U 1 1 1 »«±© I I -V I 

f,45nl^5y K® t «:4>&< £ *«;fcfc¥»j*i'- 
1F— SR^-CfcoT, ISttBdS. ZnSe, ZnSx Se 
i-x ({IU 0<X<0. 5) RTjtZnv Cdi-t S 
({IU 0. 2<Y<0. 6) frbM&tlZl I -VI 

^WS#tfc5Zni Mgi-z Su Sei-u (&U 
0. 4<Z<ls X<U<0. 6) frbttttSMb*: 
^S(w®gUfc#Sa^F*ig^^U. Znv Mg 
i-v Sw Sei-w ({&U 0. 4<V<Z, U<W< 
0. 6) frhte* nm? 7 v VMt pl^7^ KBiSr 

[0008] strfB*5SWo»2o«^*3^r 

ft. Znz Mgi-z Su Sei-u 7)^45fl^nl^ 
75/ FltSl^pI^^s/ K«fc«:i£t£Jl«:4hLT« 
Znv Mgi-v S« Sei-w (ffl.U 0. 4<V 
<Z, U<W<0. 6) ^f)4-5l2(DnS^7yKi 
t$2(0pS^7y KStSr. itffESgl Wnl^5y K 

i^iopi^7yKit <7?s^e ur^-ra 

[0 0 0 9] MIS«J5£lw^^Xtt. SttStni 

[0 0 10] 

[«MfJ] ttE*»«Boj|Srol»*^J:*tf*. Sitter 

W P S^7^ KS^t-/<-7D-^s*^£ 
V>Z>b*£7Libti,Z>tiK :rot-/<--7D-^»t» 

5 - £ * s *C # 5 ^ 6 T £> ^ o 
[0011] «TE*J8MOSB 1 0«J«^43V>X. i&teB 
^ x ZnSe. ZnSx Sei-x (§L, 0<X<0. 

5) &T*ZnY Cdi-Y S ({&U 0. 2<Y<0. 

6) I I - V I M^^W i e>45i 

gi-z Su Sei-u ({IU 0. 4<Z<1. X<U< 
0. 6) ^^^SKSStSrXSK-aSUfc^fiS^ 

t^T*#5o ^3t> -^S^> Znz Mgi-z Su S e 
i-u ^&45nI^?sxKItZnv Mgi-v Sir Se 
i-w ({fib. 0. 4<V<Z, U<W<0, 6) Z><bfr 



5 

#JT*£>5 0 Z<Di$r&. Znv Mgi-v Sw S e 

i-w H45nl^7S/ KUt Z ns Mgi-s St Se 
i-T ({&U 0. 4<S<V<Z S U<W<T<0. 
6) ji»^4^pS^7 5/ KSi:^Sttg4r^UT^i- 

7 v \?m^<D*—'<—7 o — Z&MTZ - i: #1? 

[0012] s^. Mm*&w<Dm2<Dm&^±th&. 

[0 0 13] BiTf2*^^i3^T. Sttii:nl^ 

[0 0 14] 

tiLtb^zmmit'tztiisb^. m&m\^m&-rz?7y 

[0 0 15] ^J^±cD^-CWfe^^^^li^fw^ 
it5^^#5^^^fL fe&mvtt&tl.XZnS e 

(^^{wi5tt6^J»«^ 2 . 6 8 e V) . Z n Sx 
Sei-x ({@.Ux 0<X<0. 5) (^KjottS^fty 
*$tfl^*1}2. 7 — 3. leV) fo£l/M2ZriY Cdi-Y 

s «bu 0. 2<y<o. 6) mmz&rtzmm 

«j&SJ&2. 6-3. leV) *m^Z><Oi)m'& Lt\ 
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[0016] ^fr^-i^-^Sr^M^±^tas-etb 

ftU3£*S £ tf>Hl* 0. 35 — 0. 40e vm&&WX&>Z> 

[0017] ^m<ommm\c^^x^ #7* b-mt 

ITZ nMg S S e EtcSS^^T^S^, Mlt 
Ctl\zmfe£ft>Z>i><VXl'±te<, WiffZnMnSSe 
m&if&ffl^Tt <£t\> Z n S e 4rS*«t-T6wixbO 
^^^^T*i, Mg, SfcS^ttMnO^^fS?^ -t-ftiD 

10 ^^SJt/&^#< ^ei^^^*i^iA:<^5 0 Mg^ 
m n * if <d ^ * >-nmm&T<&<D^* ^ ^- £ ± if 5 

86*4:*- U S&ifO|»>f*^tt««*#±*0 

i&T-tZtitb, aa^*3lt5*»J»Bt UTtt3. 5e 

[0 0 18] i^oefifnS^IT^RCI^l^^t 

20 ^rtD T<D9yy Kg^£>*-— 7n- CO 

5 ^jE?LO n 7 s/ KS^O^h— 7 n — j^^co^ 

tt^s, *m&^-^-mtth<>x\±fflm<oi£& 

ZtfrX%Z><DX\ *:<D±<Dpm*7*y KBT-^SO^ffi 
[0 0 19] r(D^i/-f-^^f»t5*&i: 

[0020] mmm dbi tt**^^^^*^ 

40 ^fc 0 Ttet>*?, MZn, &!Se, ^MMg35:^# 
^SZn SZm&b UTaHHRS83BS^r, nSGaAsS 

nIK-/^htLtllZnCl2 p!K-/< 

[0 0 2 1] niGaAsSffil<7)±i^ nlZ 

n So. 07 S eo.93^777l2^0. 1 ^911 
7c 0 «1» K-^— 6 x 1 0 17 cm'*b U7to 

50 H5cfo5l>ttEgSSSOi|ajKttrotaStwjoVNTnSG 
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aAsifil tfe+m&TZ X 5 W6»T^6. 
[0 0 2 2] &l/^T\ nIZnSo.o7Seo.93^y77 
B 2 ^Jhtl.^ nSZno.91Mgo.09So.12S eo.88^7 
KB 3 0 . 8^ mil Lfc. K"*— -«Bfi fi*J 
4 X 1 0 17 cm- 3 t Lfc e XfflflMiltt. Siafcfcl^T 
2. 8 7 e VT£>o7t 0 

[0 0 2 3] JJct^T-x nlZno.9tMgo.09So.12Se 
o.8B^7ixKl3<Z)±i:, gffll!:«SJtt, 1"#;b 
5l<DZnSetWFi4 (H^6nm) £4 
B<^>Z no.9iMgo.09So.i2Seo. saf^jlB 5 

8nm) k*&K\mm^ti&m&*$rJ s nm^£^x 

[0 0 2 4] bZ*>X\ ZnSeliGaAsWltl 

ia-co. 2 8%0tth?^<fra!fcs«: % is-^iSfp^jer 

i-HUM* ORlSOnm) fctt«L-C^ftlr^fc», Z 
n S e g;T-#FB 4 ttffida*:* A/««IBt?<MF-aE*dS 

>«at»«1lf o«i8**rtr l# vhk 

[0 0 2 5] #^T\ SttB<E>±fc:. piZno.soMg 
o.2oSo.26Seo.74^7'>' KJS 6, pIZnojiMg 
0. 09 So. 12 S eo. as # y v KB 7 Sr-ttt-^ti/ft 0 . 3 ^ 

x 1 0 17 c m- 3 t bfdo atasmitt* mmz^xtti 

^3. 03eV. 2. 87eVT*$)ofc 0 

[0 0 2 6] ^ipCs n!Zno.9iMgo;o9S 
0. 1 2 S e 0. 88 ^ 9 * KB 3 («$!l*Bte, SflU£«^T 
2. 8 7eV) tpMZno.80Mgo.20So.26Seo.74 

KB 6 (MMffHtt* ^fw*3l>T 3. 03e 
V) tSr«SHSB«:*UT!*^Ufc«ai:Ufcrt^J: 
19. p 1^ 7 j/ KS©»S»T«<ox^;u^-^ D 

[0 0 2 7] iH&lZlv pIZno.91Mgo.09So.12Se 
o.8B^7y KI7^±I:, p'lZnSe=^^H8 

1 0 ,B cm" 3 t Lfc 0 

[0 0 2 8] &±^)i SJwLT^fettfc*^ 
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Z n S e ft^#FB 4 QttMfHI fc ^M^ft^tttt n ffifl 
"CO. 19eV. p«T?0. 3 5eVtfo5 fl £fciHH 
iC x »«WT«^*^^-SEttnffilT?0. 0 9eV x 
pfllTO. 18eV^ti^)ix5o 
[0 0 2 9] rOflKgfc^Ttt, plZnojoMg 
0.20 So. 26 Seo.74^75/ KB 6 <DtiflK-?-«F±*B<03^ 
/U^— pSZ no.91Mgo.09So.12S eo.88^7^ K 
S7 0ffil^f±fiOx^-,):5 to. 07eVt 
l/^#X.«btt5 7tfe. pIZnojoMgo.20So.26Se 
iO 0.74^^5/ KB6ttiE?LcDSttB^©&A^L-CBS 
t&<5 0 pSZ no.80Mgo.20 So. 26 S eo.74 

^75/ KB6<osaaitsr/>s<-rtb^ meoiC£*r 

±S:BSrtm5, fiU piZno.80 
Mgo.20So.26 Seo.74^7$/ KB6li*&^^FS^i:^ 

[0 0 3 0] a±©*ftT-#&ilt*«{*:!>*/>--«:, 

P SZnSeny^^M8(D±l:Si02 
20 B9S:«I0. 2Mm*aSf, 7thl)y^77^-t 

M^tK piZnSel8l:»t6tllO«L 
;fc 0 Sfc, nlGaAsSfilOlIM^mi 

[0 0 3 1] r^ft>?x/>-^tt, ^M^fi 
7 0 0 /xmi: U — ^OCM^EiSfr^BI&^iSSi*^ 
-f>f>'^ff5 r. fc^J:5. KJt**9 9. 7%i:L 

30 $/«C^o7tc r^B5 0 0./im©f^lI^ttU ffl 
(75 1- hi/^I^Oni^ftl 1 *5g^-f £ J: 5 

[0 0 3 2] :(0¥»*l/-f-*fl^Ut, 24t 
T^Hm* » Dig LI kH £0««eSr&ALfc 
4 6 8 nml^V^TtfeOl/- 1?— fgSSrita 

#V^ttiIfS»9 0kA/cm 2 /imTfcot, 
[0 0 3 3] rcoj; 9 Jcfil&&±<&i&ffJw*5^T#fea> 

\z£Z>i>(Db2!r7Lt>tiZ>o -ttett. HUT (VPS. 
tKEdFL) 0^7^ Ki^t-^-7n«-ttt^pI 

no.91Mgo.09So.12S eo.88^75/ KB 3 (D^M^T 
m<0^*fr*r—b<D& (Ml2b7tJ: 5tCO. 09eV) 

«fc D tiStti©»tffTf^^¥-i P az no. so 

Mgo. 20 So. 26 S eo. 74 * y v KB 6 (D^l^ T*8<£> ^ 
^-^Oi MWBbfcJ:5^0. l8eV) 
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p 

m^/i/^— ^^^j^VNp^z no. bo M go. 20 So. 26 S e 
o. 7 4 * 9 * KS 6 \z£oX%)g:#)\ZitofflTZ ZtfrX- 

ZnS eS^#Fg4^tt5^:fe^Sr^mi"^r < !: 

[0034] mmm2) m3K*mw^&z>*m#\' 

[0 0 3 5] 4?\ n^Ga AsStSlcDJb^, nSZ 
n So. 07 S eo.93^^^rJl2^:^jO. 1 m mfgg L 

7t 0 *a K-^-afSfi^j 6 x i o 17 c m- 3 1 ufco *n 

mM2\^^X^ iffilf^3 0 0ti:U £ML7t 

aAsMl t^S^-T5ct t>^l£tbX^Z Q 
[0 0 3 6] nSZnSo.07Seo.93^i/77 
Jl 2<D±.\Z S nMZno.80Mgo.20So.26S eo.74^7 
yKil2, nIZno.9iMgo.09So.i2Seo. 88 %Wi 

L7t 0 K"*— 4xio ,7 cm- 3 i: L7t 0 £1 
•JtfrMfi. ffl«li3l>T*iX*h,3. 03eV, 2. 8 
7 e V"Cfco7t 0 

[0 0 3 7] #^T\ nSlZ.no. 9i Mgo. 09 So. 12 S e 
o.8Bft^C&#>J§l 3<D±t^ SttJiSr^ftS^fc. 
#*>1b, 2§(OZnSo.o7Seo.93ii L #FIl4 (ff 
5 nm) t lIOZno.91Mgo.09So.12S eo.8B 
(f^*8nm) i: ^SZllSI Lfc^lt 

fcfc^Ttt* 7H*0 K-ey^ttfffeft^ofc, Zn 
So. 0? S eo.93fWFIl 4<D*BM#«fi, £i&K*5 
^T2. 74eVtfcofc 0 

[0 0 3 8] &l^T\ fiHSJi<0±l^ P IZno.9iMg 
0.09 S0.12S eo. 88 3fe^ £&#>Ji 16, pSZno.soM 
go. 20 So. 26 S e 0. 74 # y y KJ§ 17. pSlZnSo.07 
Seo.93^7^Kil8 ^^ttl^tlf^e 0 nm, fa 0 . 
3 Mm. #50. 3j£m»JlUfc. ^Rftr^-fe^** 
tiv plZ no. 91 M go. 09 So. 12 S eo. saft^ C&#>JI 
16, plZ no. soM go. zo So. 26 S eo. 14 ^ 7 y KJf 
1 7 Ul*3l>T& 1 X 1 O 17 cm' 3 , plZnSo.oiSe 
o. 93 ^ y sy KJll 8^*3V>T^J4 X 1 0 n cm' 3 a 
fc. 

[0 0 3 9] £JL±OJ:5t-nSZno.9iMgo.o9So.i2 
S eo. BsytmCtelsbM 1 3ipIZno.9iMgo.09S 
o. 12 S eo.B8jteBJ&&«>Jil 6 (^»yffir4B«> M^lwjo 
8 7eV) fc SrfiH4»Sr^ UT»^U 
fcflKfti: Lfc£ irt-J: 9, pIZno.91Mgo.09So.12 
S eo.BsttBHtwiWIl 6©*«ffTi©x*/u*-dS 
^ttJIUl^tSZ no. 9iMgo.o9 S0.12S eo.esKgJi 
15 (£Sffl«r<8tt\ Mfc*3^T3. 03 eV) <D#m 
»TiB^^^^-J: 9 fciB<fc«K Sfc, niZn 



(6) W7-3 2 14 0 9 

0. 91 M go. 09 So. 12 S eo.BB^fcgflCii^jl 1 3 OflSH^ 
f±S^;^-^iiI(:i3lteZno.9iMgo.o9 
S0.12S eo.88&«gJIl 5<Dmn.*Hf±ffi<0^*'*'*— 

--7n-X7jCjE?L(DnS^7 y KS^O^h— /<— 7n- 
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